The prediction systems of chemical toxicity has been developed by means of structure-activity relationship based on the computerized fact database (BLDB). Numbers and ratio ofelements, side chains, bonding, position, and microenvironment ofside chains were used as a fc ofthechemical for the predition. Such information was obtained from the BLDB database by WLswesser line-formula chemkal notation. In the present study, the Salmonella/microsome assay was chosen as indicative ofthe target toxcity ofchemicals. Asetofcspecified with mutageniclty data was retrieved, and necessary information was extacted and transferred to the working file. Rules of the relations between charateristics of chemal structure and the as rysult are adtracted as paramete for rules by eqcpr onthe rearranged data set. These were analyzed staally by the discrminant analysis and the prediction with the rules were evaluated by the elimination method. Eight kinds ofrules to predict Salmonella/microsome assay were constructed, and currently results of the assay on aliphatic and heterocyclic compounds can be predkted as accurately as +90%.
Introduction
To develop new chemicals, a large number ofcandidates were synthesized and selected according to their characteristics. Not only the usefulness of the chemicals but also the potential of hazard to human health should be considered before the chemicals are introduced to the market. If the toxicity of a chemical can be predicted without any experimentation, a lot of resources, time, and costs are minimized.
Structure-activity relationship studies can also facilitate the identification of hazardous chemicals in our environment because these studies can set the priority for chemicals to be tested by toxicological assays. Structure-activity relationships might also play an important role in elucidating the mechanisms of mutagenesis and carcinogenesis chemically.
There are few computer prediction systems of chemical toxicity available, although it would be desirable to develop such an expert system. The reasons why it is difficult to develop such a system are a) difficulty understanding the mechanisms ofexpres-sion of chemical toxicity to make prediction rules and b) deficiency ofthe fact database on chemical toxicity. The aim ofthis study was to develop an expert system to predict the toxicity of chemicals using the fact database (BL-DB) that we have constructed at National Institute of Hygienic Sciences combined with the knowledge of toxicologists.
Architecture of the Expert System
The expert system consists of the fact database system including BL-DB, the data modification module, the rule-making support module, and the expert knowledge-base module (Fig. 1) .
Fact Database System
The fact database system consists of the BL-DB as a core database, a data collecting module, a data search module, and a data downloading module. The database stores the data on mutagenicity, carcinogenicity, and teratogenicity of chemical substances. The major part ofthe database at the present time is information for mutagenicity. The database can expand for other kinds oftoxicological data without any alterations ofthe system. The database stores the toxicological data not only on a single chemical but also combination of chemicals. The BL-DB has three main files: a substance file, a test data file, and a bibliographic file.
Formats of data are identical for all toxicological tests, therefore users can access the data with high performance. Many data fields are defined as searchable key fields, therefore users can retrieve target data with many search methods. The structure ofchemicals is expressed by Wiswesser line-formula chemical notation (WLN) for the study of structure-activity relation. Sets of data retrieved can be downloaded to the working file for modification and analysis.
Data Modification Module
This module extracts the data to be used for the analysis, such as chemical structure in WLN, molecular formula, and assay results. Also, this module creates substructural fragments in WLN used for descriptions of target chemicals, molecular weight and number ofatoms. These modified data are downloaded into the working file to serve them as source data for the rulemaking support module. Users can edit data automatically and/or interactively. The edited data can be printed out or output to a file.
Rule-Making Support Module
Using the modified data, this module analyzes and supports to create the rules for predicting toxicity against given chemicals. The Knowledge Acquisition and Utilization System (KAUS), which had been developed by Ohsuga and co-workers (1,2) at Tokyo University, was introduced to support the knowledge-base system. This module has the following functions: a) to analyze and classify data according to the chemical structures; b) to rearrange and sort WLN and to make the list ofKWIC (key word in context) ofWLN; c) to treat the data statistically, especially by the discriminant analysis; and d) to print out the results of analysis to be based on consideration oftoxicity prediction rules.
Prediction Module
Using the rules created by the aid ofthe rule-making support module, the known toxicity of given chemicals is predicted through the prediction module. The results of prediction are printed out and evaluated compared with reported results oftoxicity. According to the predictability, these results are used for the feedback to the rule-making support module.
Ioctors Required for Predicting Chemica Toxicity
Chemicals were classified into 4 major groups and 12 subgroups to make rules. Figure 2 shows 
Expert System for Predicting Chemical Toxicity
The flow diagram of the expert system is shown in Figure 3 . When a user wants to know the mutagenicity data of chemical X, the dataare searched in theBL-DB system. Ifthe actual datacan be retrieved, the system reports the actual results ofassays. On the otherhand, ifthere are no dataaboutXon mutagenicity, theexpert system will beused. The structureofXis analyzed and classified by WLN input; thereafter the prediction rules are selected according to the chemical structure. Using the rules selected, the result of the mutation assay is predicted and reported.
In the present study, we constructed eight kinds of rules to predict results of Salmonella/microsome assay. We predicted mutagenicity of chemicals that had not been used to make the rules. The mutagenicity on Salmonella/microsome assay of aliphatic and heterocyclic compounds can be predicted as accurately as more than 90 to 95 % at present. We are trying to make new rules including another knowledge base to increase the predictivity using a weight for each parameter.
Limitations
The data from which the rules were constructed might not be sufficient in number; therefore, to increase the accuracy of prediction, an expanding ofBL-DB fact database is desired. For an expanding ofthe database, not only quantity but also quality ofdata is required. Also an increment ofparameters, e.g., partition coefficient of each chemical, and other additional thermochemical properties, can be useful.
To describe the chemical structure, we used WLN in the present study. The connection table ofchemical structure might be a better alternative in the next step ofprediction system. We are trying to predict the results ofthe in vivo micronucleus assay for a next step.
The final goal ofthis system is to predict the hazard to human health ofa chemical quantitatively not only based on the chemical structure but also combining results of toxicological assay using experimental animals.
